
Field: Bioengineering/quantitative biology 

Essays 

Question 1 Essay - How did you choose your field and what are your primary expectations of your future 

career? 

Every day I am amazed by the diversity and complexity of biological systems, and I am excited 

by the challenges of bioengineering and biology research. I love that scientists from any field can 

contribute to biology, and in turn biology can help advance these fields. For example, computer science 

has helped create the new field of computational biology, and the field of artificial intelligence has been 

inspired by neuroscience. I want to participate and contribute to the constantly evolving fields of biology 

and bioengineering through research and teaching.  

I have worked  at Caltech since my second quarter of my freshman year. 

 I mainly study the genetics of heat shock induced gene expression, and I have cloned 

 

 During my characterization of  I used computational tools, such as 

JackHMMR, to study , and the results I obtained using such tools were critical to guiding future 

genetics and molecular biology experiments. From this experience I saw the power of computational 

biology to advance experimental biology, and I became interested in studying data analysis and 

mathematics to learn more about such methods. Additionally, coursework had made me realize that I was 

more interested in engineering and problem solving than conducting basic science research. One class that 

helped me develop these interests was CHE/BE 163: Frances Arnold’s and Niles Pierce’s course on 

biomolecular engineering. My favorite part of the course was when we used machine learning methods to 

predict properties of channelrhodopsin variants. This introduced me to machine learning and data mining, 

and I became fascinated by the power that these methods have to extract information from biological data. 

I thus immersed myself in the applied mathematics of data analysis and artificial intelligence through 

pursuing a minor in Information and Data Science (IDS). I challenged myself to obtain a thorough and 

broad technical education in mathematics and computer science, so that I could understand the underlying 

principles behind the most powerful data analysis and artificial intelligence methods and apply them to 

biological problems. 

As I became more interested in bioengineering and data science, I decided to conduct research 

with   I was excited by his group’s work on machine learning for de novo 

protein engineering. In the  I combined my knowledge of biology, mathematics and data 



science to work on developing and evaluating models that generate protein structures. I enjoyed the 

process of creating a generative model to best learn from the data and then exploring the model’s 

capabilities and discoveries. I was fascinated while  working in synthetic biology, for in trying to create 

de novo proteins we were forced to consider many basic, fundamental questions about what constitutes a 

“good” protein and whether or not nature’s designs are optimal. My experience in the  

cemented my desire to pursue a PhD in bioengineering, so I can continue working on solving challenging 

problems and exploring the limits of biology.  

In addition to pursuing bioengineering research, I will work on making data science and 

mathematics more accessible to biologists. I have found that many biologists lack a strong understanding 

of data science, and thus are not aware of powerful methods they could use to more effectively learn from 

their data and guide their experiments. I want to develop a strong data science and mathematics education 

that is geared towards biologists, and to encourage students in fields that have been traditionally seen as 

less hard or quantitative to explore mathematics and data analysis. I hope that this will help empower 

biologists to take advantage of the rise of computing power that is facilitating the development of 

powerful data analysis methods.   

In order to fulfill these goals as an engineer, scientist, teacher and mentor, I want to become a 

tenured professor at a research university. To achieve this goal, I will first pursue my PhD in 

bioengineering or biophysics. I am very excited for the opportunities I will have to teach, conduct 

research, and present my work in graduate school and beyond. Funding from the Hertz Foundation will 

help me achieve these goals through providing resources to support my training to become a strong 

scientist, mentor, and leader during graduate school. 

Question 2: Proposed Field of Study  

Question 2 Essay - How do your proposed field of study and career constitute an application of the 

physical sciences or engineering? 

            There are vast amounts of biological data available holding crucial information, but these patterns 

and knowledge remain obscure without appropriate analysis and inference methods. In graduate school 

and beyond, I want to develop computational methods to analyze and learn from biological data.  

            Broadly, I am interested in three types of problems: inference, prediction, and generation. First, I 

am interested in creating methods to infer information from biological data. Often, data comes in a form 

that is too obscure to be effectively processed by humans. Since scientists may never actually see the raw 

data themselves, it is important that they have a set of reliable tools that they can use to extract useful 



information from the raw data. For example, reads from a RNA seq experiment are processed to generate 

information about gene expression. However, data can be used for more than just inferring information 

about a given system: we can use data to make predictions about the properties of other systems. For 

example, in CHE/BE 163, I learned how to use machine learning methods to create models that learn 

from experimental data about properties of channelrhodopsin sequences to create a method for predicting 

properties of unseen variants. Engineers could then use this tool to predict properties of new sequences 

and decide which ones should be synthesized and experimentally characterized. In general, computational 

prediction is less costly and time consuming than experimental characterization, and thus these methods 

can be useful to scientists and engineers when making decisions and developing hypotheses. Finally, 

engineers can utilize data for generative applications. Generative modelling is a type of machine learning 

which seeks to learn  probability distributions of data and then generate samples from that distribution. 

Generative modelling has been applied to de novo protein engineering to create new protein structures 

and sequences, which demonstrates that unsupervised machine learning models are able to approximate 

complex energy functions. One of the greatest challenges in bioengineering is that we are trying to 

engineer systems that we do not fully understand. Machine learning methods can make inferences from 

data without the need for a biophysical model. However, biological knowledge and intuition are 

instrumental for choosing and evaluating the quality of models. I am excited to combine my knowledge of 

biology and data science to create new computational tools and models to solve problems in biology and 

bioengineering.  

Question 3: Choice of Graduate School 

Question 3 Essay - What are the considerations involved in your choice of graduate school? 

When choosing which graduate schools to apply to I first looked at the structure and culture of  

the school and program as a whole.  I looked for institutions that are strong in mathematics, engineering, 

and biology, and then I looked for programs that emphasized quantitative biology, biophysics, or 

bioengineering. In addition to performing research, I want to continue with my technical education in 

mathematics and computer science. I thus want to be at an institution with strong faculty in these subjects, 

so I can take classes, learn from, and collaborate with leading researchers in those fields. While I do know 

that I want to work in bioengineering, there are many problems and subfields that I have not yet had the 

opportunity to explore. Therefore, I searched for  programs which have rotations and give students time to 

work in different labs before choosing a research group. Finally, I searched for institutions with smart, 

passionate, open minded scientists from diverse backgrounds and perspectives.  I believe that in order to 



understand biology we need to integrate techniques and knowledge from many fields including 

engineering, mathematics, physics, and computer science, and thus, I want to be part of an institution that 

encourages interdisciplinary collaboration.   

            After I found programs which appeared to meet the criterion described above, I searched for 

groups whose work is interesting to me. I looked for groups which are working on developing data 

analysis and machine learning methods to solve problems in biology and bioengineering. I loved working 

with  of Stanford on generative modelling for protein engineering, and I hope to have 

an opportunity to work in his group again. If I attended Stanford, I would also rotate with Prof. Russ 

Altman who is working on developing computational and informatics methods for medicine. I am 

interested in working with Prof. Sean Eddy at Harvard, because I have used Pfam for my research and I 

would like to contribute to this project.  At MIT, I am excited by the work of Prof. Bruce Tidor, Prof. 

Christopher Voigt, and Prof. Mark Bathe. Finally, at UC Berkley I would like to work with Prof. Steven 

Brenner and Prof. Ian Holmes. However, I also have an open mind and I am excited to have the 

opportunity to work with scientists in fields I am less familiar with currently. I have had good interactions 

with Prof. KC Huang and Prof. Ariel Amir, who both work on biophysics and microbiology, and if I 

attend Stanford or Harvard I will try to set up rotations with them. One of the things I most excited for in 

graduate school is interacting with other scientists and trying new fields during rotation. While I know I 

could perform successful research at many institutions, Harvard, MIT, Stanford, UC Berkeley and UCSF 

stood out due to the amazing faculty, graduate students and opportunities I would have access to at those 

schools.  
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